Introduction: Pulmonary rehabilitation (PR) is a core component of Chronic Obstructive Pulmonary Disease (COPD) management with well recognized benefits. While suggestions for educational content within pulmonary rehabilitation have been detailed in clinical guidance, it is unclear what educational content is delivered as part of pulmonary rehabilitation, who delivers it, and how it is delivered.
summarised by Effing et al (22) and include smoking cessation, self-recognition and treatment of exacerbations, nutritional advice and management of dyspnea. It is important that the education component of PR does not just facilitate knowledge transfer but facilitates sustained behavior change (2, 12, 23, 24) .
Educational sessions delivered as part of pulmonary rehabilitation are an important mechanism in the promotion of effective and appropriate self-management in COPD. Published research has identified that there is significant variation in the content and delivery of education within PR programmes (25-27) and variation around which staff members are involved and specific interventions are included (28). Although suggestions for educational topics are given, the most recent guidance on pulmonary rehabilitation (29) does not specify the core components of education in PR and how this should be delivered in practice. The aim of this systematic review was to appraise the existing published literature to identify the content of educational sessions within pulmonary rehabilitation and the method of delivery. This is important to inform future guidance and research on effective delivery styles and information content in education as part of pulmonary rehabilitation.
Methods

Search strategy
The following databases were searched: MEDLINE, EMBASE, CINAHL, PsycINFO, ERIC, Cochrane Library, Open Grey and DaRE. A range of search terms and synonyms were used relating to "pulmonary rehabilitation" and "education" as shown in Table 1 (an example search is shown in Appendix 1), using truncation symbols and Boolean operators where appropriate. The databases were searched from January 1981 to July 2017 and were selected based on the following inclusion and exclusion criteria. Bibliographic software (Zotoro) was used to store and manage the results of database searches. The review has been logged on PROSPERO (CRD42018091807)
Inclusion and exclusion criteria
Included studies were: qualitative, quantitative or mixed methods studies published in English; must have included an evaluation of a PR intervention or pulmonary rehabilitation programmes delivered to people with COPD, delivered in any setting and in any country worldwide; and which offered a description of the education component of the pulmonary rehabilitation programme. By "sufficient description" we meant that studies had to provide more than simply a basic topic guide or list, but additional details of what education was delivered, as well as how and/or who delivered the education. Studies which included only an educational session topic guide/list and no further information about the educational component were excluded. Systematic reviews and clinical guidelines were not included in the review, but their reference lists were scanned to identify relevant references potentially missed in the database searches.
Study screening
Two reviewers (NJR, LK) screened the study titles and abstracts, if available, of bibliographic records retrieved by the searches. Full-text copies of all papers reporting studies which met the inclusion criteria were retrieved. All of the studies were reviewed independently by both reviewers.
Data extraction and synthesis
A data extraction template was developed specifically for the purpose of the review. Study details that were extracted included: authors, country, population, sample size, setting (hospital, community or primary care), staffing i.e course lead/expertise (healthcare professional (HCP) or peers/lay experts), duration of PR, a description of the educational content, and educational tools 6 used within the PR programme, and specific methods and formats of delivery. Data extraction was performed by one reviewer (NR) and double checked for accuracy by a second reviewer (LK). A narrative synthesis approach was used to compare and describe the educational topics that were included within the PR studies and their methods of delivery.
Quality appraisal
The purpose of quality appraisal in this review was to assess the strengths and weaknesses in the included studies rather than as a basis for inclusion/exclusion. Two reviewers (NJR, LK) independently assessed the methodological quality of each of the included papers using a standardized critical appraisal tool appropriate to the study design (30-33). Disagreements were resolved through discussion or involvement of a third reviewer (JC). Studies were grouped together according to study design (e.g. experimental RCT or quasi experimental or observational, or qualitative, and appropriate quality appraisal tools selected).
Results
Included studies
The database search produced 2722 articles of which 587 duplicates and 2001 articles were excluded based on title and abstract screening (PRISMA Figure 1 ). Full texts of the remaining 134 articles were then assessed for eligibility, of which 120 were excluded which did not meet the inclusion criteria. Thirty-nine contained limited information about the educational component of pulmonary rehabilitation, 28 did not have full text articles freely available or were not in English.
Thirty-one were conference abstracts, with an additional 15 which were not full primary research articles (e.g. commentaries, editorials, discussion papers, guideline statements), and the final seven excluded papers were review articles. This left a remaining 14 studies which were eligible for inclusion in the review.
Of the fourteen studies, six were observational survey studies (34-39), five were quasi-experimental studies (40-44) and three were randomised controlled trials (45) (46) (47) . No qualitative studies were identified from the search. The characteristics of included studies are detailed in Appendix 4.
Quality assessment
Quality appraisal tables are shown in Appendix 2a-d. The included studies were of variable quality, with the quasi-experimental, case control studies (40-41) being of the poorest quality. The RCT studies were of the highest quality (45) (46) (47) . Across all studies, the main methodological weaknesses identified through the quality appraisal process was that: i) studies rarely controlled for potential confounding variables, questioning the reliability of their results and ii) studies poorly described recruitment approaches and sampling frameworks, meaning that it was not possible to tell whether these were appropriate and limits the transferability of the findings to other groups.
Results and discussion
Description of included studies All 14 studies contained some descriptive information about the educational content in PR. The published work was from a range of regions, 5 studies from USA (34-37, 41), three studies from the United Kingdom (38,43,46) five from Europe (39, 40, 42, 44, 47) and one from Australia (45).
Six were observational studies (34-39), all utilising descriptive surveys sent to PR directors or programme coordinators. Four from the USA (34-37), one from Northern Ireland (38) and Sweden (39). The articles focussed on evaluating programme size, setting, patient type, staffing, equipment, referrals and programme content, giving some information around topic guides and lecture topics. (43). The study by Burkow was a mixed methods pilot study with 10 participants trialling a home based online PR programme (44).
Pulmonary rehabilitation educational session topics
None of the studies assessed individuals' learning needs or preferences for tailoring of education within pulmonary rehabilitation. Instead a "one size fits all" approach was used in all of the identified studies. The PR materials were reviewed in some studies for reading age, appropriateness and individual need. Blackstock et al (45) reviewed the materials for reading age. Cosgrove (43) adapted the Living Well with COPD (LWWCOPD) materials prior to use over a longer period of time informed by focus groups, current practice and guidelines. Crisafuli et al (40) gave participants information on non-included topics to cover their individual needs but this was not described in detail.
One of the key findings from this review is that educational content of PR is often poorly described in reports or studies. studies. The most common five PR educational content topics (full details in Table 2 ) across all of the included studies were: 1) Anxiety/depression and stress management,
2) Early recognition of signs of infection,
3) Dyspnea and symptom management, 4) Nutrition, 5) Techniques using inhalers and nebulizers.
These are key educational topics and these are highlighted in many clinical guidelines and expert reviews (24, 29). Other key areas which need to be included as part of PR education are key to developing self-management skills and promoting behavior change and include: goal setting, reflection, verbal persuasion and making a change plan. Such self-management goals were not well represented across the studies and this has been previously pointed out by Bourbeau et al that often self-management is focussed on education rather than behavior change (48).
The remaining common topics includes the benefits of exercise, medication management, activities of daily living, anatomy and physiology and chest clearance ( Table 2 ). As part of the review a long list of expected PR session topics was derived from the existing published literature but many did not appear in the review in more than a few of the studies ( Table 3 ).
The study period for this review covers a significant period of time and some studies were published before 2000. Pulmonary rehabilitation is still a relatively new area and guidance for delivery of education within it has been limited. Some of the key concepts of self-management are still not well embedded into pulmonary rehabilitation and likewise some of the more patient-centred topics that participants will be keen to know such as travel and leisure activities, family roles, advanced directives and end of life decisions and sexuality are not well integrated. Similar findings were found by a national survey by Yohannes et al who identified topics (sexuality, advice on travel and coping with the disease) which were not covered in 2004 (25) . There is also a disparity between what healthcare professionals wanted to deliver and and what pulmonary rehabilitation participants wanted to be included in the educational sessions. Holland et al identified that those with interstitial lung disease wanted to know about end-of-life planning and were happy to have this in a group setting (49) in contrast to Wilson et al who found participants with COPD thought it was inappropriate to have these discussions as part of a group setting (50). Clinicians identified that they did not feel it is appropriate to provide info about prognosis in PR, as they were not the primary treating physician and therefore felt it is not their role (49). In contrast Casey et al found that health professionals suggested that topics such as end of life issues and oxygen should be included (51).
This highlights that a standard package of education may not be appropriate for all participants.
The differences in content delivered may also be in part due to the skillset or availability of staff, which dictates content rather than patient-led feedback and redesign. Wilson et al stated that when the appropriate health professional was not available the topic was frequently just omitted (50).
Key staff involved in PR most frequently included, physicians (11/14), nurses (11/14), nutritionists (8/14) , occupational therapists (8/14), social workers (7/14), pharmacists (7/14), psychologists (7/14), physiotherapists/specialist physiotherapist (6/14) and respiratory therapists (5/14) .
Style of educational delivery
Very few of the studies recorded how the education was delivered although six of the studies reported the use of lectures (34, 35, 39, (42) (43) (44) . Information seems to be offered in a very traditional way with lectures and written information, and health literacy does not seem to be considered.
Lectures need to be interactive and include participation and other approaches may be more effective to share information with adult learners. Shame and self-guilt are prominent emotions in COPD and so educational content has to be offered in supportive ways.
One of the studies not included in the review by Rodgers et al as it did not have enough detail about the content and staffing of the PR programme, did report some interesting findings from their qualitative study. This study found that PR participants wanted sessions to be more interactive rather than didactic (52). Rodgers et al also highlighted the lack of clarity raised by participants as to whether family members can attend alongside participants during PR (52). Family and carers are an important resource for those with COPD helping with everyday living and managing breathlessness and providing social support and are often not included in potential interventions and management plans (53). In most of the studies education was delivered in a group format, although some of the surveys showed that a proportion of participants had the option of one-to-one PR. Three of the studies (33,34,42) reported a range of programmes which were delivered on an individual basis ranging from 22% (35) to 82.9% (44).
There was significant use of supplementary educational materials such as handouts, manuals, written action plans, booklet and leaflets in nearly all of the studies.
There was no detail given in any of the studies around the use of tailoring or the assessment of learning needs, nor the use of tools such as VARK (visual, aural, read/write, kinaesthetic) or motivational interviewing to deliver educational materials. Adapting pulmonary rehabilitation for those with low literacy skills was not highlighted. Sadeghi et al highlighted the impact of health literacy as a barrier to effective communication in pulmonary rehabilitation, highlighting approaches such as incorporating family support, and improving visual and written materials (54).
Outcome measure tools used
Only four of the studies used tools to measure knowledge pre and post rehabilitation (43, 45, 40, 41) . It should be noted that the studies assessed knowledge in different ways. Some looked specifically at knowledge learnt, using the Bristol Knowledge questionnaire (43) or the ESQ in the study by Crisafulli et al (40) . Others looked at understanding, self-efficacy around self-management skills (43), the impact of education on perceived ability to self-manage (45), and levels of confidence around being able to self-manage in the future (41). The BTS PR guidelines and the service specification do suggest that Patient satisfaction tools/surveys such as, Lung Information Needs Questionnaire or the Bristol Chronic Obstructive Pulmonary Disease Knowledge questionnaire or other validated questionnaires should be used to ensure the educational content is reviewed and improved regularly (55, 56).
While health professionals can develop a PR programme which include key areas of knowledge and topic areas that they believe patients should acquire, there needs to be a dominant realisation that such knowledge acquisition may not be acted upon without appropriate personalisation and motivational techniques. These should involve identifying what it is the patient wants to achieve, encouraging patients to experiment, stimulating the patient to take responsibility for their health by asking questions rather than giving advice and solutions, and focusing on the positive benefits of optimal behaviors (not the negative of maladaptive behaviors) (22) . In addition to this the potential behavior changes need to be measured by an appropriate outcome measure. In a national survey The delivery of pulmonary rehabilitation education is variable and does not cover all of the suggested educational topics. Guidance on core education topics and delivery is needed taking a patient centred motivational approach to ensure education is delivered effectively. Further research into appropriate educational outcome measures are needed to ensure behavior change is captured.
Table 1 Search terms
SETTING "hospital based" OR "community based" OR remote OR tele-delivery POPULATION "COPD" OR "pulmonary disease" OR "chronic obstructive" OR" emphysema" INTERVENTION Pulmonary Rehabilitation-"pulmonary rehabilitation", OR "pulmonary" OR "rehabilitation"; AND Education -"Health education" OR "patient education", OR "education", OR "education content", OR "educational delivery", OR "disease management", OR "delivery of health care", OR "patient participation", OR "educational content", OR "educational delivery", "topic" OR "session, OR "content " OR "tailoring"
AND/OR
Delivery of education -"health coach" "lay educator", "expert patient", OR "healthcare professional" OR "nurse" OR "Physiotherapist" OR "occupational therapist"
Behaviour Change Techniques (BCTs) -"self-management support", OR "selfmanagement" OR "self-management education" OR "self-care", OR "social support" OR "problem-solving", OR "counselling", OR "counselling", "action planning", OR "action plan", OR "health related QOL", OR "QOL", "mood", OR "perceived well-being", OR "self-efficacy", OR "feedback" , "reinforcement", OR "relapse prevention education", OR "exacerbation management" OR "motivational strategies" OR "goal-setting" OR "motivational interviewing", OR "behavior change", OUTCOME "knowledge", OR "outcomes" Full-text articles assessed for eligibility (n = 134)
Studies included in synthesis (n=14)
Full-text articles excluded, with reasons=120
Not full primary research articles= 15
Conference abstracts=31
Review articles = 7
Papers not available or not in English language=28
Not enough detail about educational PR component/ There were no significant differences between the groups for any Chronic Respiratory Disease Questionnaire domain scores or 6-min walk distance There were no clinically important differences between the groups in any outcomes, reinforcing the belief that exercise is the key component for improving functional capacity and HRQoL in a pulmonary rehabilitation programme.
The heiQ was used for phase 2 participants in an attempt to detect differences between the groups related to the education intervention -no significant differences between the groups.
A limitation of this study is the completion rate with only 60% of those randomised completing the intervention protocol and 26% of participants not attending any follow-up assessment.
Continence and COPD -Physiotherapist Airway clearance -Physiotherapist
Individual action plans were produced and reviewed at each session and included short term changes over 1-2 week periods. An illustrated education booklet, compiled by MDT with patient feedback, was issued to participants. Content was reviewed by a senior respiratory physician, and language and structure were edited by a reading language specialist to achieve a good health literacy Carers or support people were welcome to accompany participants to all sessions Potential participants living in a location without potential access to a broadband network were excluded from participation
The user's TV was connected to a small computer with an Internet
The education sessions were held once a week, lasting 60 min, with a lecture and discussion format. For some topics, the patients were requested to watch one or more online videos The patients were assessed at baseline, and assessed and interviewed shortly after the intervention.
Technology usability was
Comprehensive multidisciplinary pulmonary rehabilitation delivered in home-based online groups may be feasible for patients with COPD. The mode of delivery and components of the programme appeared to be COPD. BMC research notes (2015). (Norway) COPD, age above 40 participated in a 9-week Internet-enabled home pulmonary Rehabilitation programme. Ten patients were recruited and allocated into two rehabilitation groups. The Regional Committee for Medical and Health Research Ethics (REC North) approved the study. connection, and a camera and a headset were used during videoconferencing. The participants used a keypad on a remote control to enter user data and answer multiple-choice questions in the health diary.
The home programme was a modified version based on the outpatient pulmonary rehabilitation programme. It included weekly group education and exercise sessions, as well as individual consultations, for 9 weeks at home. before the sessions.
Educational topic sessions included:
Proper use of medications Breathing strategies, anxiety and panic control, relaxation techniques and stress management Energy conservation Pathophysiology of lung disease Benefits and maintenance of physical activity Prevention and early treatment of respiratory exacerbations Nutrition Social security rights Maintaining the benefits of educational and exercise training
The education was delivered as a group education session in lecture and discussion format. Carers/families could be involved but this needed to be agreed in advance and the person needed to be visible on camera.
assessed using interviews and the System Usability Scale (SUS)
A semi-structured interview guide for telephone interviews
were used with openended and closed questions was developed. The primary themes of the interview guide were user perceptions of the delivery mode and components of the programme.
St Georges Respiratory Questionnaire (SQRQ) was assessed pre and post PR acceptable, with high usability SUS scores. The programme provided an environment for learning both from healthcare personnel and from peers, for undertaking PR as well as for social support. Further work is needed. A multidisciplinary team consisting of a physician, a physiotherapist, a respiratory nurse, a dietician, a pharmacist, an occupational therapist and a social worker.
McDonnell
The first week of this programme consisted of an inpatient stay of 5 days and 4 nights, followed by twice weekly attendances of 2 hours each. A total of 25 health professionals were involved in the delivery of education in this study. A range of disciplines were involved: nurses, physiotherapists, occupational therapists, a doctor and a pharmacist. The mean number of health professionals who delivered education sessions in each site was 3 health professionals (SD: 1;range: 2-5). The disciplines of the health professionals who delivered the education varied between sites depending on the skill mix available.
The programme was adapted for use in UK pulmonary rehabilitation using focus groups to determine the topics of interest and style of delivery. They preferred practical groupbased education sessions delivered using visual aids and models and supplemented by written information. The number of education sessions from eight to six and the length of the education sessions from 1-1½ hours to 30-45 minutes.
The key topics included: disease education, management of breathlessness, exacerbation management, medications, psychosocial issues and welfare and benefits. Cluster randomised controlled trial
The study compared whether a structured education session would be more effective than an informal discussion in teaching inhaler technique and reducing inhaler misuse 136 participants in total were recruited to undertake PR at 4 different sites (ABCD) and the control and intervention was run at each site except site D which only had the intervention. The participants were randomised primarily on the geographical location of their usual residence.
The study inclusion criteria was anybody undertaking the PR course whose regular treatment required any form of inhaled medication delivered by a pMDI or DPI. Educational sessions were designed based on a comprehensive literature review on COPD rehabilitation, family needs etc. Education aimed to provide information about COPD, increase the family skills set to adjust to and manage the disease, and promote adherence to therapy and healthy lifestyles. Psychosocial support was included to help manage the emotional demands of living with COPD, promote communication within and outwith the family.
Crisis Oriented Personal Scales (F-COPES) Psychosocial Adjustment
To Illness Scale-Self Report (PAIS-SR).
St. George's Respiratory Questionnaire
The main findings indicate that integrating the family member in PR contributed to improve the coping strategies of the family to manage the disease, with further improvement in family members' sexual functioning and psychologic distress Patients ( P =0 .048) and family members ( P =0 .004) in the intervention group had significantly greater improvements in family coping compared to the control group. Family members of the familybased PR had significantly greater improvements in sexual relationships (P =0 .026) and in psychologic distress ( P=0.033) (control) and were unaware of group allocation. 56 dyads were allocated to the experimental (n= 28) or control (n= 28) group.
Weekly sessions, lasting approx. 90 min, were conducted and facilitated by the multidisciplinary team. Several didactic methods were used during the sessions, such as group discussions, home tasks, role playing, and brainstorming. The sessions consisted of the following:
Week 1: information about COPD/impact on family life -Brief overview of COPD (eg, symptoms, progression and treatments) Period of questions Identification, exploration, and normalisation of the impact of COPD on family life
Week 2: management of respiratory symptoms -Identification and training of breathing control and airway clearance techniques Discussion of practical strategies to prevent and manage exacerbations
Week 3: family identity and development -Work on family cohesion, exploring the family identity (eg, participants had to create their "family identity card," which symbolized the specifi c values of each family)
Week 4: medication and oxygen therapy -Information about medication and oxygen therapy compared with the control group. Patients from both groups had significant improvements in exercise tolerance, functional balance, knee extensors strength, and health-related quality of life after intervention (P <0 .001). 12 dyads did not complete the intervention and were excluded.
Discussion of the importance of treatment compliance Training of inhalation techniques
Week 5: management of stress and anxiety -Discussion of the possible causes of stress and the effects of stress in family life Ways to manage stress (eg, relaxation techniques)
Week 6: healthy lifestylesphysical activity -Discussion of the benefits of physical activity in the whole family Work on strategies to increase/ maintain physical activity habits
Week 7: healthy lifestylesnutrition and sleep -Identification of the most common nutritional mistakes Discussion of ways to address nutritional mistakes, emphasising the importance of a healthy diet Description of sleep problems and suggestion of solutions Discussion of the impact of COPD on sexual relationships
Week 8: emotions management/ community resources -Exploration and normalization of emotions Training of a practical technique to manage emotions, the "Six thinking hats" Identification of available resources for families, as well as the appropriate timing to contact these resources
Week 9: fall prevention/ communication of feelings, needs and concerns Identification of the most common risk factors for falls and discussion of strategies to reduce/eliminate them Description of the major communication styles Training of the DESC (Describe, Explain, Specify, Conclude) technique to communicate assertively
Week 10: action plan -Summary of the contents of previous sessions, with emphasis on the key points for an effective disease management Week 11: problem solving techniques/unpredictability and future fears -Sharing experiences of personal problems and exploration of ways of solving them Practice of the problemsolving techniques Week 12: ritualisation -Reflection on the importance of social support networks and balance of participation in the group Celebration, symbolising the end of the program In the control group family members did not participate, and, therefore, the content relating to psychosocial and educational topics solely focused on the patient's perspective The PR in Northern Ireland meets the guidelines for structure and format for the educational component of PR
